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1 . 0  

1 .1  

1 . 2  

1 . 3  

INTRODUC 

PURPOSE 

TION 

This repor t  describes the program conducted to improve the 
vibration character is t ics  of the bipropellant valve used on the 
C - 1  Engine and presents  the t e s t  data obtained dur ing  this 
evaluation. The content of this document fo rms  a p a r t  of 
Thiokol-RMD Report 6203-F l .  The program reported herein 
completes the development work on the bipropellant valve for 
the C-1 Engine. 

CONTRACTUAL COVERAGE 

'The bipropellant valve improvement program was conducted for 
the George C. Marshall  Space Flight Center under NASA Contract 
NAS8- 15486. 

BACKGROUND 

The bipropellant valve (Thiokol-RMD P a r t  No. 316305-300) quali- 
fied a s  pa r t  of the C-1 Engine demonstrated marginal vibration 
character is t ic  when subje'cted to the unpressurized vibration test. 
The marginal  condition was evidenced by excessive seal  leakage 
af ter  being exposed to the vibration environment. 
resulted f rom excessive relative motion between the flapper 
button and seat. 
hairl ike teflon par t ic les  and chips which interfered with reliable 
sealing. 
Thiokol-RMD Report No. 6203-F1, Sections 4.4 and 14. 0, and in 
Thiokol-RMD Report No. 6203-Q2. To extend the vibration 
capability of the bipropellant valve, a design improvement and 
vibration evaluation program was conducted. 
of this program was reported in  Thiokol-RMD Report 6203-F1. 

The leakage 

A t  extreme vibration levels this motion generated 

A detailed discussion of this condition is  contained in 

The initial p rog res s  

Appended to this document is  a copy of the Moog Inc. Evaluation 
Tes t  Report  No. MR 1216 which contains a discussion of the design 
improvement program and the tes t  data obtained during this program. 

1-1 - - 
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2.0 SUMMARY 

Two bipropellant valve tes t  specimens were  modified by the 
addition of a f lat  spring motion r e s t r i c to r  to each flapper-button 
as  shown i n  F igures  2.  0 -1  and 2. 0 - 2 .  
successfully completed a l l  the unpressurized vibration t e s t s  and 
the performance tes t s  without malfunction. The vibration testing 
was conducted with the valve assembled to a Thiokol-RMD th rus t  
chamber assembly ( P a r t  No. 317555). The vibration input was  
controlled a t  the thrus t  chamber tes t  f ixture mounting surface.  
Tables 2.  0-1 and 2.  0-11 describe the specified vibration envelopes 
which were  utilized fo r  these tes t s .  Fu r the r  detail  regarding t e s t  
pa rame te r s  and recorded data i s  contained in Appendix A of this 
rep0 r t  . 

The t e s t  specimens 

The first tes t  specimen, S / N  45, was subjected to 50, 000 cycles 
after completing all vibration testing. 
(nozzles) were  removed iollowing these tes t s  for  visual examina- 
tion. A s  shown in F igurc  2 . 0 - 3 ,  the teflon sea t  revealed negligible 
wear and no evidence of hairlike par t ic les  o r  chips. 
tes t  specimen, S/N 112,  was also disassembled following vibration 
testing and again visual inspection revealed a completely sat isfac-  
tory condition. 

The valve sealing elements 

The second 

The design change incorporating the flat  spring motion res t r ic tor  
to each flapper button has been made in the bipropellant valve 
assembly identified a s  Thiokol-RMD P a r t  No. 316305-400. A s  
shown in Figures 2. 0 - 1  and 2. 0-2,  the flat  spring is  retained in 
the valve body by a small button head screw which is heli-arc 
spot welded to spring and body to lock in  position. The other 
end of the spring is  retained by a n  interference f i t  with the small 
diameter shaft end of the flapper button which is  pressed  into the 
valve bod-y. 
this manner  and showed no signs of loosening o r  s t ructural  
failure during the vibration tests.  This revised design feature 
has greatly improved the vibration character is t ics  of the bipropel- 
lant valve when exposed to the unpressurized vibration levels 
which i s  the most severe environment. 
now meet  o r  exceed the specified unpressurized vibration require-  
ments a n d  can satisfactorily pass  all functional tes ts  following the 
vibration tes ts .  
proved design will be delivered to the Marshal l  Space Flight Center 
for  fur ther  evaluation. 

The two sample tes t  specimens were  assembled in  

The valve assembly can 

Three bipropellant valve assemblies  of the im- 

2 - 1  - - 
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. 

Figure 2. 0-1. Flat Spring Flapper-Button Motion Restr ic tors  
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Oxidizer Nozz le  

Fuel Nozzle  

Figure 2 . 0 - 3 ,  Teflon Seat After Test  S / N  45 Valve 
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APPENDIX A 

EVALUATION TEST REPORT 

FOR THE 

ADVANCED DESIGN O F  THE 

MOOG MODEL 52X147C BIPROPELLANT VALVE 

MOOG INC.  
Repor t  No. MR 1216 
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I N C ,  

1. 0 INTRODUCTION 

The bipropcllant valves,  presen!  , 

MR 1 2 1 6  

; being bui l t  for  React ior ;  ) r E  

Division of Thiokol Chcii-tick1 Gorp. , d o  nut mevt t!is internal Irakage 
performance  requireinerits of HhfTJ 5pecific;ttion.EC 205 i 7 Revision K 
after expature to- the vibration r?nvirtinrric.nt + i w c i f i e d  it1 p" racraph  
4. 7. 18. 
mus t  be modified to  incorpora te  the uecessary  de.+ign chanpce- til 
i n su re  passage  of ail performanr-c rt-qv,ireiucnts a f t e r  cxpn.iiirc. t r i  

vi'bration testing. 

htoop was infur~iicrl  in  l ~ t c  A p r i l  t h a t  t1.i~: bipropel lant  valve 

1 



Two t e s t  specimens,  modified by the addition of a flat spr ing motion 
r e s t r i c t o r  to  each f lapper  -button, completed all vibrat ion and pe r fo rm-  
ance t e s t s  without malfunction, 
the valve mounted o n  the  RMD thrust  chamber ( P I N  317555) ,  i n  accordance  
with paragraphs 5. 2 .2  a n d  5 . 2 .  3 of Moog R e p o r t  S o ,  iMR 1 L-44, Rev, B. 
Tbe vibrat ion input was controlled a t  t h e  th rus t  chamber  t e s t  f ixturc  
2ount ing  surface. 
t ion.  

Vibration testing was conducted with 

The t e s t  specimens were  unpressur ized  d u r i n g  vibra- 

The f i r s t  spec imen tested,  Body S I X  45, was subjected to 50, 000 cycles  
a f t e r  completing all v i b r a t i o n  testing. 
f r o m  this  spec imen and visual examination o f  the teflon s e a t  revealed 
negligible tcflon wear .  
specimen,  Eody S / S  112, was disassembled fo l lowing  vibrat ion tes t ing 
and visual inspection again revealed negligible teflon wear, 

The nozz les  w e r e  then r emoved  

The second (See i l lust rat ion 8 of t h i s  report) .  

The test  spec imens  u t i l i z e d  f o r  this evaluation a r e  icientical to the 
Model 5 2 -  147B configuration with the exc.eption of the addition of the 
button motion r e s t r i c t o r s .  Review of the performance data recorded 
f o r  these t w o  specimens ( see  section 6 .  Li) indicates that t h e  modified 
valve conf igura t ion  meets  all  the  specif icat ion perfor tnance requi rements .  

2 



3.0 TEST SPECIMENS 

The following bipropellant valves were t e s t d :  

a. Model 52-1'4713, S / N  2 3 8 ;  unmodified c'scctpt m o t o r  c a p  
removed and body slotted to p e r n i i t  ob5crvation of armature 
and flapper .button. 

b. Model 5 2 -  1 4 7 R  l 'orqi ie  Motr lr  consic:tinp of bottom and top 
polepieces ,  m a g n e t s ,  and fqur screKi;.' 

* 

, ,  

c.  Model 52-14713,  S / K  2 3 8 ,  rnodified b y  janini ing a r m a t u r e  
with wood. Same a+ i tcni  (a). ._ _. 

d. Model 5 2 -  14713 ~nodificd by removing bvth polepieces  and 
m a p  ~ I C .  t% . 

e .  Mode l  52-147B, $ / K  238,  same a s  iti:i:i ( A ! ,  modi i ied by 
the add i t ion  t i c  ( I  rnritt>lrr r n t ~ t i c i n  r c s - t r i c  tcrrs. &'ire res t ra in t .  

~ j .  hfodel 5 2 - 1 4 7 ,  modified by the addition [ l i  a flapper-butttin 
mot ion  r e s t r i c to r .  Flat spring. T h e  nozzle  assembly was not 
installed in  this valve. 

k. Model 5 2 - 1 4 7 ,  S/N 4 5  modified by the addi t ion  of a f lapper -  
button motion r e s t r i c to r .  Flat spring. 

h4odel 52- 147, S/N 112 modified by t h e  addition of a flapper - 
button motion res t r ic tor .  Flat spring. 

1. 

3 



M I NC. 

4. 0 TEST OUTLINE 

A n  outline of the t e s t s  perfor t l ied  i s  p r e s e n t e d  in Table  I. 
outline .presents a tabulation of t t t s t  procedures  and r e su l t s  
reported in chronological order.  
is idcnt i f ied i n  a c c o r d a n c e  wi th  the i t t m i z c d  descr ipt ion pres<-n tcd  
ir, paragraph  3. 0. 

l h i s  

' rest  s p e c i m e n  conf igura t ion  

4 
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5.0 TEST METHODS --- 

Vibration Systcrri a n d  Fixturing 
--___.lf-__l_ 

5. I 

5.  2. I 



144 c , MR i ~ i b  

Coi l  VoItage 
~ 

5. L.  2 

?dot ion o i  t h e  a~*t-r?ature  induced by applied vibrat ion results 
in an e.  m. f.  
fact via,& u s e d  t o  d e t e c t  !resonance.; by ri;;._liinc an autoniatic 
X-Y plot of  c o i l  v o l t a g e  v s .  vibra t ion  i reqt lency.  l‘hr v n l v ( ~  
coil w a s  connect?<] tu  2 h l ~ s e l ~ y  bDD Log Crmver te r  ancl an 
Eiec tro ~ In a. t Yurne n t .$ 4 0.0 X - Y pl ottc r . 
w a s  provided hy  t! ie B & K I O ! &  Co,ntrrjller. 

beinfi g e n e r a t e d  in  the tcirqiic rnotor coi ls .  ?’hi. 

F r  cque n c y  signa 1 

1 5  
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5. 3 Vi b r EL t i o ii Le ve 1 s 

Selcc: t e s t  s p e c i m e n s  w e r e  subjected t o  tlic v i b r a t i o n  l c \ r c i s  specif ied 
helow *bile ins ta l led  on the RMD thriist chamber ( k " / K  3 1 7 5 5 5 ) .  
l e v e l s  are i n  a c c o r d a n c e  with htoog Report  ho. M l i  1144 Ret. f i .  

These  

a. Sinusoida l  V i b r a t i o n  

3 .  level:  

19 - 110 cps  
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Model 52-147B - S / N  238  
Test Set-Up Utilized To Determine 

Valve Mounting Frequencies 
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Model 52-147B - SIN 238 
Test Set-Up Util ized To Determine 

Valve Mounting Frequencies 
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Model 52-147B - S / N  238 
Test Set-Up Util ized To Determine 

Natural Frequency of Armatur e-Flexure Sleeve Assembly 
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. . 

-.. 

Model 52-147B - Torque Motor 
Test Set-Up Utilized To Determine 

Natural Frequency of Torque Motor 
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Model 52-147 
" W i r e "  Ar  miitur e M 9tion Re strictors 
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Model 52-147 
"Flat Spring" Flapper-Button 

Motion Restrictors 
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Model  52-147 
S I N  45 Oxidizer Nozzle  

1 ox 

Model 52-147 
S / N  45 Fue l  Nozzle  

10 X 
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Model 52-147 
SIR 45 Fuel Button 

15X 
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6 .  0 TEST DATsl 
_I 

Included in  this s e c t i v n  a r e  t!ie r e y u l t -  of a11 performance and 
in te rva l  perfornl2lnce t e p t s  and a l l  v ibrat ion S-Y plo t -  g e n e r a t e d  
d u r i n g  the Evalusticrn T t - c t  ~ i ~ ( J g I ’ ~ l L 1 .  

1 
,’ 

2 5  



. bfR 1216 
Sheet 1 of 3 

-I-_ -____________ ~- --- 
Measure openine and 

j, 1. ~ . closing response f rurr .  

mary coil, a; 360 poig  

Response o s c i ~ o  r p p s .  Inlet pres -  ~ ~ ~ i ~ ' ~ r y  
T im t'. sure a8310 p ~ i g  for pr i -  I .!><'E 9tnsi.c 

c I < \ S C  i insc'c 
for  secondary coil. 

. 

r.:L- 
15 
20 

, 2 5  
30 
35 
40 

-. 

.LkG 

V n l t -  I I Amps 25. 0 24.75 

25 
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' Sheet 2 of 3 

* 
1 \r op -out 5.1.7.2 Inlet pressure at 166 psig 71.0 V o l t 6  vo l t s  Amps 

Voltage Measure  maximum voltage 
Pri 2 ,  50 . 152,- 
Sec  4 1 3  14 

a t  which valve closes  

-- 
Both , 1  51 * 10 

E Kternal 5.1.  S Apply 360 psig helium 
Leakage pressure to the oxidizer S P C .  

inlet  with both return 
porta blocked. Energize 
valve to allow helium to 
en ter  all o-ddizer chambers .  
Block fuel inlet and m e a s u r e  
external leakage 

Open fuel inlet  and measure 
external leakage 

' 
Frcon Immersion 
no leakape 

3 

Apply 360 ps ig  hel ium p r e s s -  
ure to h e 1  j t i l e t  with both re- 
turn ports blocked. Energize 
valve t o  di low helium to en te r  
all fue: Lhambers. 13lock oxi- 
d i z e i  i n l e t  and measi1 
1 ea ka ge . 
Open oxidizer inlet an 

sure exte m a l  leakage. sec.  

27 
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Sheet 3 of 3 

IN  IT LA L, PE R F O  KMANC E 

cfbdel Mpmbcr 5 2 - 2 4 ? ,  Specimen Designation Le t t e r  
;erial Number& ' Tested By: 
>ate 6/3]b7' ,,-- O n  Time C y c l e s  ' ,  , '  , 

I I i 
I 

, --- b 

i 

Conditions k Msasurpments Ltirnitb T e s t  Resul ts  'PPrG'. Test  : P a r  No. 
v-- 

I .  

,5. 1; 9 

,/ . 

I 
M e a s q r e  o&e) port leakage 
with inlet  pressures  of 50 
and'36O p i g  

Fue 1 
Oxidizer 

Cycle viilve 1 0 times and 
repeaL above tests, P -  

Fue 1 
Oxidizer 

. .  

50 3 60 

none .. qone 
none none 

Psig P E&g 

100 /v 

none none 
none none 

Apply 20 psig  to outlet ports 30 c c /  Fuei nane 
Measure leakage at the imlpt hr. Oxidizer none 
port  

28 
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Sheet 1 of 1 

POST,SLNUSOIDAL PERFORMANCE 

Mb tel Npmbe-r 52- 147 Spc.cimen Derignatxun Letbr 
i,Seiial Number 204 Tested B y -  
D a l e 2 5 1 6 7  . On Ti& . G y c i e s  - 

, 
I ---.--.-- --. -- 

P P r & .  - r e s t  Par, Conditicm. & Meaa remcatb Limits ?'<:st Result6 

- -LA..-.----+ - 
iate r w b  - 5. 1" 9 Meaeure outlet p a t  leakage 

Leakage ' 1 with inlet pressure6 of 50 50 360 
and 360 psig. P e i g  , , PsPg 

Fwl  none, aone 
Oxidizer none .- nmc 

Cycle valve 100 times aqd 
repeat above tests.  

1 , F U 6 l  
i Oxidizer , 

, . I  

none none 

none nene 

-Remrse Seat L' IApply 20 psig to outlet ports 30 c c /  Fue 3 I l4e  
Leak !Measure leakage at the iklpt hr. Oxidizer none 

Pod 
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Sheet 1 0 f  2 

. POST A.%IS A RANDOM I'IUKIITION PERFORMANCE , 

' : * I  

Soccimen Derinnatron Letter . .  - 
Tested By: 
On Time cyc I C s  

Int  ? m a l  .5. is 9 Measure outket pork leakage 
I eakage with inlet prersurss of 50 

and 360 psig. 
Fuel 
Oxidizer 

Cycle valve l o o  times and 
repeat above t e s t s ,  

Fuel 
Oxidizer , 

: ... 
none rime 

none none 

Rt'verat Seat 
Lsak 

Apply 20 psig  to outlet ports 30 c c /  F-1 none 
Measure leakage at the id$t hr. Oxidizer none . 
port 

30 



MR 1216 

I Sheet 2 04 2 
POST AXIS A RANDOM VIBRATION PEXFOkMkNCE 

Sprcimen Designation ~ i t e r  -- 
T e s t e d  By: 
On T i m e  C$cIeb: 

Frtrt . TF 5 t  pa ,~. Nr,. C o n d i t i o n s  t Meastrrerilcrits Limits  . Test  R e s u l t s  

- .--* -I---.. - c * *  
Functional Volts Amps 

Pull- in Voltage.  5. 1. 7. 1 Inlet  presqu're at 360 psig < 2 0  volts , Pri 6. 9 8 .  , 429 
Measure  minimum voltage S e t  13. 5 i . 409 

Both 4. i 9 1. 264 
gonsecutive times at D. 25 

c e s  

Test  . I  
required-to open valve' 10 _.- 

Drop-out  
Voltage 

Volts Amps ;* 
5. 1 .  7. 2 Inlet  pressure at l b 6  psig > i. 0 voks Pr i  2 .  66 

Measure maximum voltage Sec 4. 14 
a t  which  valve c loses  

31 
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Sheet of 

11 te rnal 5. 1. 9 Measure outlet p o t t  leakage 
,c?aka ge with inlet p r e s s u r e s  of 50 

and 360 psq. 
Fuel 
Oxidizer 

Cycle  b a l w  I n G  t imes and 
r e  peat aL i, v 1% te s t s . 

F u e l  
Oxidizpr 

50 360  
Ps ig Psig 
none none 
none none --_. 

fi everse Seat 
Leak 

Fuel non_ft_ Apply Z D  pqlg to {ratlet I"-)rts 
Measure leakage a t  the inlet  hr. Oxidizer none 
port 

3 0  C C /  

3 2  



?dR 1216 

POST AXIS U RANDOM VIBRATION PERFORMANCE 

Spes riqarn De 8 ignation Le tte r 

---.I__ - _, -- - -- -- _- . . . . .. . _-_- - - __-. 

P r o c .  
Par .  No. 

44 

Con d i t i ) n s  & Mr.,rcrurr t i i t b t i t ? r  tlrnits T e s t  Resul ts  Test 

A .L . -  _. -. -. - ._ -. - - - -. ._ .--- - . 
Functional * &Its Amps 
'I e s t  
Full-in Voltage 5. 1. 7, 1 Inlet pressure at 360 psig <20  volts P E i  9. 2 5  44 9 

Measure minimum .troltage Sec 14. 0 4 3  I 
required to open valve 10 Both 4, 55 288 

consecutive times at 0.25 
CP s 

Vol ts  , Amps 

D rop-out  5. 1, 7. 2 Inlet  p r e s s u r e  at I b b  p i g  : 1. 0 voLts Pri 2 .  47.' , 150 
V 3ltage Measure maximum voltage Sec 4. 05 . 128 

at which  valve c loses  R n t b  -1; 51' , 0 9 5  

'3 



MR 1216 
Sheet of 

.&e1 nal 5. 1. 9 Measure outlet pokt leakage 
Lpa kagt  with inlet pressures  of 50 

and 360 psig. 
Fue 1 
Oxidizer 

Cycle valve LOO t imes and 
repeat a b o v e  t e s t s .  

Fuel 
Oxidizer 

5 0  360 
Psig P s i g  
none none 
none none 

none none I 

none none 

tevc tse  Seat 
Leak 

Apply 20 p s i 8  to oat le t  ports 30 c c /  Fuel none 
Measure leakage a t  the ivlet hr. Oxidizer rime 

port ! I 

34 



POST 

M o d e l  Numbrr 52-147 
Serial Number 204 
Date t 

AXIS C RANDObf VIBR4.TlON PERFORMANCE 

S p ~ c -  imrn Designation t c t t e  r 

O n  l'inir Cjc len  
- 'l-r.trd By: 

~ c 

Functional Alts i m p s  
T e s t  
Pull-in Voltage 5. 1. 7. 1 Inlet pressure at 360 psig 120 volts Pri 6. 6 . 4 3  

Measure minimum voltage ' Sec 1 3 .  1 . 4 1  
I required t o  open valve 10 Botli4. '1 . 2 7  

consecutive times at 0. 25 
= PS 

Volts  A m p s  

D rop-  out 
Voltage 

5. 1. 7.  2 Inlet pressure  a t  166 p6ig 3 1. 0 volts P r i  2 . 6 2  . 17 ' 
M e a s u r e  iilaxitnum voltage . Sec 4.16 . 14 
at  which valve closes 13<: th1 .61  , 101  

35 



Proc. 
Test Par. No. Conditions 6i Measurements Limits Test Resul ts  

MR 1144 
e 

0. 144 

Ele t tr ical Measure  and Record 
R e s  stance Ambient temperature 

4 ti:lni, a. 'Toil P r i m a r y  coil resis tance A?: - 
Itesistance 1 '' '* 3* Secondary coil resis tance CD - 0' .I. 

h l e a s u r e  opening and 
c los ing  : 2 hporise f rom 

sure at 310 ps1g [or pr l -  
r n a r y  c u l t ,  at 360 psis 
fur secondary coil. 

c 

Rei p o m e  5.1.5 osrillGgranis. inlet pres -  primary 
T me open 9 m s e c  

close 5 m s e c  

0. 1751 

. 

:Lnlet pressure at 360 psig. < 20 volts p r i  7. 25 

Flo  R Test 5 .1 .6  

440 

Fun tional 
T s t  

Pull  -In Voltage 5 .  1. 7. 1 

Measure flow and pres -  
sure drop with inlet of 
310 psig 

Pr e s s Flow -1b / se c 



5. 1.8 Apply 360 psig helium 8 < t ~ - ~ ~ ~ /  Ext :mal 
Le Fkage pressure to the oxidizer . sec: 

inlet  with both return 
ports blocked. Energize 
valve to allow helium to 
en te r  all oxidizer chambers .  
Block fuel inlet and m e a s u r e  
external leakage 

Open fuel inlet and measure 
tx te  rnal leakage ' 

t 

Freon  immersion 
N o  Leakage 

Apply 360 psig helium p r p s s -  
ure to  fuel inlet with both r p -  

tu rn  ports blocked. Energize.' 
valve tb a2lpw helium to enter , 
all fuel chambers. Block oxi-  
dizer inlet and measUte cxterl>al  
1 r aka ge. 

Open oxidizer inlet and mea- C i O - % c /  
sure  external  leakage. sec. 

37 



hlR'  12 I r j  
Sheet 3 0f .3  

. nterna l  5. 1. 9 MeASure outlet por t  leakage 
Leakage with inlet pressures of 50 

and 360 psig. 
F u e l  
Oxid izer  

Cycle valve 100 times and 
repeat above t e s t s .  

Fuel 
Oxidizer 

5 0  360 
Psig  P s i g  
none 11 on e 

none none - 

5 c c l h r .  none 
6 cc / t i r  none 

tcverse  Seat 
Leak 

Apply Z @  psiig t a  outlet por ts  30 c c /  Fue 1 iionc 
Measure  leakage at  the inlet  hr .  Oxidizer none 
port 

38 
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She c t of 

39 
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Sheet of  

POST 5 0 , 0 0 0  CYCLES PERFOKhIANCE 

l e s t  Proc. Conditions & Measurements Limits Test Re sults 
Par, No. 

E :ternal 5. 1. 8 Apply 360 psig helium < 1 o - ~ ~ ~  t 
Leakage pressure to the oxidizer 8 e C .  

inlet with both return 
ports blocked. Energize 
valve to allow helium to 
enter al l  oxidizer chambers. 
Block fuel inlet and measure 
external leakage 

Open fuel inlet and measure 
external leakage 

Freon Immersion 
No Leakage 

Apply 360 psig hel ium press-  
ure to fuel inlet with both re-  
tu rn  ports blocked. Energize 
valve to allow hrlium to enter  
all f u e l  chambers. Block oxi-  
dizer  iniet a n d  measure external  
Irakagq., 

Open oxidizer inlet and mea- <lD'$c/ 
sure cxteTnal leakage. s ec. 

I .. 

-.---_I.. 

40 



LfLfR l L l b  

Sheet of 

I p(J ,T il’ (](lo C Y C L , F C >  t ’ ~ F l ~ ~ I ~ . ’ \ f ~ ~ C E  

I fodel Number 5 2 -  147 ,  Specimen Designation Lettei 
: erial Number T e s t e d  By- 
1 late On Time CycIes , , 

P t O L .  

Pa’r. No. Tes t  Conditions & Measuretnents Limits Tcs t  Results ’ 

- MRJJ.44 

In te q i  5. 1. 9 Meagure outlet port leakage 
I .eakage with inlet pressures of 50 50 360 

and 360 p i g ,  Psi 
Fuel 26 G C / ~ C .  7. Zcc/hr. 
Oxidiper 22 cc/hr. 5 5 . 2  cclhra 

Cycle &lve 100 times and 
repeat above t e s t s  , 

Fuel  & ~ / h r .  5 cc/hr .  
Oxidizer . 1 2  ccthr .  41 cc lhr .  

- -  
R :vekse*Seat 

Leak 
Apply 20 psig to outlet ports 30 c c /  Fuel 2. 0 c c ,  ‘hr ,  
Measure leakage at the inlet hr. Oxidizer J 

port: 

4 1  
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hlR 12!6  
Sheet 1 of 1 

1x1 11x1 

I1 t e  ;%a1 5. 1.0 ).lea sure  outlet port l eakage  
,eakage w i t h  inlet pressures  of 50 

and 360 psig.  
Fuel 
Oxidizer 

Cycle  valve loci times and 
repeat above t e s t s .  

Fuel 
Oxidizer 

50 360 
Psig P s i g  

none n 011 P- 
none noi:e 

none nolie 

f :  everse Seat 
Leak 

Apply 20  p s i g  to  uutlet port,, c c /  E'ue.1 none 
Measure leakage, at  the inlet tl r, Oxidizer ;-lO!le 
port  

50 



MR 1216 ’ 
Sheet 1 n f  1 

POST S I N W f D A L  VIBRATION PERFORVA NCG 

11 .ternal 
,eakage 

5, 1 .  9 Measure  outlet p o r t  leakage 
with inlet p r e s s u r e s  of 50 
and 360 psig.  

Fuel 
Oxidizer 

50 360 
PsiE P s i g  
none none 
none none 

Cycle Val\-e 100 times and 
re pm t above t e  s ts . 

none none 
none none 

,‘Reverse.Seat 
Leak 

Apply 211 psik to  out le t  port-. 30 c c /  Fuei none 
M e a b u r h  leakage at the inlet ht. Oxidizer none 
port 



Sheet 1 of 1 

P r c i ~ .  
?'e 5 t Pa.r, I\in, Can:iiCicins Rr h.leasiirenients Litiiits Test l irsults 

-.---MR__1144 .I__ _-__-.-. -.----- - - - __I- 

In. Lernal 5. 1. 9 Measure  outlet post leakage 
I ' +  

:.,ea-kage with inlet pressures of 50 50 360 . 
and 360 psig. P s i g  P s i g  

Fuel r. one 1 :Lone 
Oxidizer, none none 

1 

Cycle valve 100 times and 
repeat above tes t s .  

F tie 1 
Oxidize I 

R?verse Seat 
Leak 

none Apply 20 psig t o  out le t  po r t s  30 c c /  Fuel 
M e a s u r e  leakage a t  the inlet hr. Oxidizer none 
port 
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E' i g u r e 
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Model  5 L - 1 4 f  
Axis  R 5 / X * : 6 7  
27. 7 r!115 i n p u t  
W i r e  ;i riiiiit,.: r C: rl I r-. tioti 
res t r ic t : ) r+ on f r e e  end 
of a r m a t u r e  

2 

3 

3 

f 

F igure  11 

55 
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13 

h?R l2L6 



b 7 8 9 . C  2 3 

i 

1'1 y i i  r I: 

r e s t r i c t o r s  011  f r e e  end 

14 
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?clodel Number 52-147 
!.erial Number 4 5  
1 )ate 7 / 1 9 / 6 7  . 

Specimen Designation Let ter  ’ 
Tested By: , 

On Time Cycles 

P r o d .  
T e s t  Par. No. Conditions 6r Measurements  Limits  Tes t  Resul ts  

E l ec t r ica l  Measlire and Recoed 
€1  esis tance Ambient ternperatur e 

Coil  P r i m a r y  coil res i s tance  
Resis tance 5.1. 3.  1 Secondary coil res i s tance  

O F  

A B  - ohms 
CD - o h m s  

I - 
F esponse 5.1. 5 Measure opening and 

Time closing response from primary 
osci l lograms.  Inlet pres- 
s u r e  a t  Z O O  ps i  fo r  pri-  open 9 mSec 
m a r y  coil, at Z%O psig 
fo r  secondary coil. 
Primary coil-0.80 secondary open 4 . 2  m h r ~ .  

open 50 msec close 3. 0 m h c ’ l ’ ,  a m p e r e s  
c lose Ejmsec open 7 . 4  I ~ I E H ~  Secondary coil-0.44 

scmperes close 2 .  6 r n q r ’ c  

open 4 . 9  ins‘ I +  P r i m a r y  and Secondary 
as above. close 2 .  8 I ~ L ~ * c .  

close 5 m s e c  

I. low? Test 5 . 1 . 6  Measure  flow and p r e s -  
sure  drop with ialet of 
310 psig. 

Press Flow - lb. / sec .  
Drop 
15 
20 
2 5  
30 
35 
40 

Vol t s  
F unc tional 

€ u l l - i n  Voltage 
T e s t  

5.  1.  7 ,  1 Inlet p r e s s u r e  at 200 ps ig  
Measure minimum voltage 
required to open valve 10 
consecutive t imes at 0 . 2 5  
CPS 

<LO Volt6  p,  j 

59 



Sher t  2 of 3 

Freon Immersion 
no leakage 

Open fuel inlet and measure 
externa l  leakage 

Apply 360 p8ig helium press -  
w e  to fuel'inlet with both re- 
tGrn ports blocked. Energize 
valve to  allow helium t o  enter 
all fuel chambers. Block oxi- 
dizer inlet and measur? exteriral 
leakage, * 

Open oyiditter iplet and mea- <IO'?c/ 
8ure ederha l  leakage. sec. 

60 



Model N u m b e r  42-147 
Ser ia l  hhmber 45 
Date 7/19/67 

INITIAL PERFORMANCE 

Specimen Designation Let ter  
Tested By 
On Time Cycles 

r, 

e .  p r o c .  +- 
- 

Test  P a r .  KO. Co?ditions 8- Measurements  Limits Test  R e s u l t s  

I 

MR 1141 
- - - .  -.cI-- ~ 

-----. 
Reverse  Seat 

Leal: .-_- ---I 



Sheet o f  

. m c i T  AXIS C SIXUSOIDAL VIBRATION PERFORMANCE 

dodel Number 52-147 
ijerial Number 45 
late 7 / 1 9 / 6 7  

Specimen Designation L e t t e r  
Tested By 
On Time Cycles 

. -  . I  

1 .  - . ! , I  > Proc. 

I 7% I *  ' Za , . ..MR I1441 
Test Par .  No. Conditions 6i Measurements Limits Tes t  Results 

-, 

por t  

62 



5hee.t 3 or 3 

POST AXIS A SINUSOIDAL VIBRATION PERFORMAWE 

dodi 1 Number 52-147 
ieri; .I Number 4 5  
>ate, 7 / 2 0 / 6 7  

Specimen Designation Let te r  
Tested By: 
On Time Cycles 

- 
Proc. 

MR 1144 
'est Par. No. Conditions tk Measurements  Limits Test Resul ts  

Lea: ta KC 

Cycle valve 1 0 0  times and 
repeat  above tests, 

!- uel 
Oxid 17 I) r 

63 



Elc ctrical 
Re I :istance 
a. Coil I Resis tance ,5. 1 . 3 .  1 

Measure  and Record 
Ambient temperature  
Primary coil resis tance 
Secondary coil res is tance 

- .iL.s. eaoure opening an 
Response , 5 . 1 . 5  adeillo @ma. Inlet pres-  p r i m a r y  

2 o i i n g  response fz tm 

mary coil,  at 200 ps ig  
for Cecondary coil. 

Primary coil - 0.80 secondary open ___ 4 . 2  msec, 
amperes  open 50 m s e c  close -m mf~ec.  

Secondary coil - 0.44 close 5 msec open 6.3 mseC+ 
amperes  c lose 1 . 3  m e r .  

Primary and Secondary open 4 I_ m6c.c. 

I 'Time uura a8400 psig for prl-  open 9 m s e c  
c lose  5 msec 

a s  above, c l 0 s e - X  0 mt3C-c. 

F l o v  Test  5.1.  6 Measure  flow and p res -  
sure drop with inlet of 
310 psig 
Press Flow-lb/sec 

- Drop Fuel Oxidizer 
15 
20 
25 
30 
35 
40 

I 

. I  
1 .  

Fun ztional 
"est 

Pul -in Voltage 5. 1. 7 .  1 lnlet  p r e s s u r e  at 200 psig  < 20 volts 
Measure minimum voltage 
requi red  to open valve 10 
consecutive t imes a t  0 .25  
cps.  



F r e o n  Immersion 
no .leakage 

Open fntl i n l e t  and 
external  leakape 

A b l y  360 peig helium p r p s s -  

are Lo fuel'inlet with both re- 
ern poWe blocked. Energize 
valve to aflaw helium tu entcr 
.dl fuel chambers. Block ox i -  
iilzer inlet and rncafiure e x t r r i ~ i i  

-I 

leakage. a ' 0 ,  

sure external 1riik:ige. s< :c -  

f 

o p e n  oxidiaer inlet and mea- !( j -?.c./  

-- . - - - - -  , . ._ .- _l-..lll 

6 5  



Sheet 3 of 3 

??os$ 
Model Number I 52-147 

SIKUSOIDAL VIBRATION PERFORMAkCE 4 .  

* *  , Specimen Designation Letter 
Tested By: 
On Time Cycles, 

66 



h l o d r l  5ZX147C Body S/N 4 5  

Flapper  button motion rcs t r ic tors  
flat  spr ing  
2 7 . 7  g rins 

Axis c 7 / 2 5 / 6 7  

67 



Sheet 3 of 3 

POST AXIS C RANDOM VIBMTIOK PERFORMANCE 
, 

I .. . 
Model Number  52-147, , . . Specimen Designation Letter ‘ 
Serial Kuniber 4 5 .  ’ ,  Tested By: I 

$e $ .  7/25/67 ‘. . On Tim-e , Cycles * -  
’. 

Conditions 8. Measurements LimLts Test Results 
- 

Incernal 5 .  1. 9 Measure outlet port 1r.rkage 
Leakage * -  wit& inlet pressures of 50 . 50 360 

and 360 pyig. P ~ I S  Psig 

n q n e n p g e  Poel 
I ’  S I  : I ’  1 0xidice.r __ nwne- none 

a 

repeat above teat- 

, Fuel 
O x f d i z ~ r  

none none 
none none 

-. -___-_- 
__- -_-- 

no ne 
h’r. C h l d i z e r .  none 

---- Rever se  Seat Apply 20 ps ig  tc, {mtlet  p ’ r t s  3 0  c c /  >- ue 1 
*c Leak, Mcdsure l eakapr  .it t h c  in let  

pr) r t  t 



Model 52X147C Body S / N  45 
Axis A 7 / 2 5 / 6 7  
Flapper butt on motion rest r ic t  o r s 
flat spring 
27.7 g r m s  input 

i 



Sheet 3 o f  3 

FYMT AXIS A RAPiDOM VIBRATION PERFORMANCE 
. ,  

h ode1 Number 52-147 Specimen Designation Letter 

E -rial Number 45, * . Tested By: . . , 

1 )ate 7/25 /67  ' ' On Time Cycles 

Proc. I T e s t  Par. Conditions & Measurements Limits Test Resul ts  

- MR 1644 
I + 

Cycle valve 100 t i m e s  and 
repeat  above tests. 

1. ue l  
Oxid I ZCJ 

. 50 360 
P s i g  P s i g  
none ! rlexre, 
none nPne- 

- 

, '  

none no ne 
none no ne 

70 
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29.0 -38.6 Volts 

5. 1 .  7. 1 Inlet pressure a t  200 psig. <20 volts Pri 5.35 

Sec 4.87 Measure  minimum voltage 
required to open valve 10 

Ele c t r i c d  Measure and Record 
Re  c, i s  tanc e Ambient temperature  
a. Coil Primary coil resis tance 

Resistance 5.1,  3, 1 Secondary coil res is tance 

Amps 

,219  
.I67 

- 'F 

c_ Maaeure opening and 
cipsing .re,aponee from 
obcillo w n a .  Flee prep- primary 
sure a8500 pslg for pi- 

Re: ponse 5 . 1 . 5  
r .  A m e  ODen 9 m s e c  

- &  mary coil. at ZOO pi ig  
for secondary coil close 5 msec 

P r i m a r y  coil - 0.80  secondary open 3.4 mbec. 
amperes open 50 m s e c  c lose  4.9 T H R C C .  

Secondary coil - 0.44 close 5 insec open 5. o mwc. 
amperes  close, 4.4 mR4-r. 

Primary and Secondary open 3 . 2  rni.t*r . 
a s  above close 5. 2 rns1-c. 

Flov. Test 

Fun itional 

Pu l l  -in V ultage 
TLts t  

5.1.6 Measure  flow and pres-  
sure drop with inlet of 
310 psig. 
P r e s s  Flow - Iblsec 
Drop F u e l  Oxidizer 

-,10401 ,1147. 
ZG 
.2 5 

71 
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1 '  . .  
___._ . . . _ _ _ _ _  .. _ _  _ _ _ _ _  __. -.._- . I  

- I  I ,  . .  
. -I 

.- - 

pvrts brocked. Eac rgi2.e 
va 1 \ ,e,  to allow hc Liunt to 
e n t r r  a l l  oxidixek chambrrci. 
Blbck fnai W e t  and nit ist ire  
Pxternal leakage 

Freon Irnmeraion 
no leakage , 

Open fuel falet and rneasqrb 
rnal I-kage 

Apply 360 psig helium preae- 
ure to fuel lnlet with both re- 
twrn potk'biocked. Encrgize 
vaNe to d b w  h a l h  tooenter 
iru fuel a m b e r s .  Block OKI-  

d i sc9  inlet and meaeurc external 
leakage. 1 

2. 

msa- < i ~ - t c /  
L 

8ecg -- CI.,. 
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-. . . .  

TfQl'&POST SIN5JSOIDAL b RANDOM PERFQRMANCE 

Model Number 52-147 
Serial Number 4 5  
Date 7 /26/67  

Specimen Designation Letter 
Tested By: 
On Time Cycles 

Par. No. Conditions & Measurements Limits Test Results , 

- * .  
5. 1.9 

' r  . '. : 
Measure outlet ~ m r t  Ir rkaKe 

r Leakage . a ,  with i n k t  pressiircs ui 4 ~ 1  5 '.l 360 
4tqterml ~ 

, I and 3bO prig. ' -- iP> _ _  ig Psig 
-- dLIM. .nnn*  Fuo 1 

Oxidize -. 

Cycle  valve 100 times and 
re peat i i l o v ~  t e s t s .  

. _  Fuel 
Oxidirer .. -. 

. .---. none - - ___._-_- nbne 
nQne . none . ----. --- 

' Reversr Seat 
h a k , . .  , . 

I '  
I' I 



. *  - 
P r o c .  . 

Limits Tes t  Results rest Par. No. Conclit~ons 6 Rleasurenlents 
, M R  1134 

' .  _I_ 

I lect  rical Measure and Record 

. C >il 
" F  esif  t a x e  . Ambient tenipe ratur e c 

P r i m a r y  coil res i s tance  ,I " - r h r n s  
a 

R ssistance 5. 1 .3 .1  * Secondary coi l  resistance C D  ihnis 
r 

- I .  

Measure  opening and 

osciliograms. Inlet p res -  
c,ure a t  ZOO psig fo r  pr i -  
rnary coil, a t  200 psig 

P r i m a r y  coil - 0.80 secondary open -4.1 _mAP%* , 

Secondary coil  - 0. 44 

pr  in1 a r  y 
open 9 n i s e c  
close 5 msec 

:esp )rise 5, 1, 5 , rlosing response from 
Tixi e 

f o r  seconaary coil. I I '  

open 50 msec close -4. 2-  m5*<, 

close 5 msec open - -6. .s-  ms=C. 
amperes  

amperes  close -3t9- -EX?; 
P r i m a r y  a n d  Secondary open -4, 0- ' n h ' ' L +  

a s  above close -5. 0 "R_-pc: 

- 
l o w  rest 5.1. 6 h feasure  flow and p res -  

si're drop  with iniet of 
310 psig.  
Press  Flow - lb/sec 
- 
Drop Fucl Oxidizer 

L t  

Vol t .  Amps 35.8 42'1 rnct onal 
Ter t 

r11-11 Voltage 5 . 1 . 7 . 1  I n l e t  p r e s s u r e  at 200 pslg.  < L O ~ o l t a  
Measure minimum voltage 
required to open valve 10 
consecutive t i m e s  at G ,  25 
CP 5 
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N u m v r ,  45 
. Bstr 7 1 2 6 1 6 7 ,  

c-- 

- 4  
External 5 .  1.8 Apply 360 psig helium < I O  c c f  

' Rakag e pressure to the oxidizer s e c .  
inlet with both re turn  
'ports blocked. Energize 
valve to allow helium to 
en ter  all  oxidizer chambers, 
Block f u e l  inlet and measure 
external leakage. 

Open f&l inlet and measure 
ex& rnal leakage 

Freon Immers ion  - 
Apply 360 peig helium p t r s + -  
ure to fuel-inlet w i t h  both re- 
m r n  port9 blocked. Energize 
valve to al low he l ium t o  entc r 
all fuel chambers. Ulock 0x1- 

d i z e r  inlet and r n t - j l s i i x - p  e\tex-ilal 
k a k a  l e .  

Qpen oxidizer inlet and mea- 

-- 
<fO''&c/ 

nure external leakage. S e C .  
I ----- 
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POST 50,,Q00 CYCLES PERFORbUh’CE 

h!l ode1 Number 
Sorial Number 45 
0 ate 7/26/67 

52 - 147 Specimen Designation Let te r  
Tested By 
On Time Cycles 

Test Proc. Conditions ei. Measurer-ents  Limits Test Resul t s  
Par. No. 

L - .  . L ’  . 
1 i ternal 5. 1. 9 M e a s u r e  outlet port leakage 

Leakage with inlet  pressures of 50 50 360 
and 360 psig,  P s i g  Psip 

Fuel none none 
Oxidizer I 

I none none , 

0 
, ,  

J 

Cycle valve 1.00 times and 
repeat above tests.  

Fue l  none none 
Oxidizer none none 

F .  

Reverse  Seat 
Leak 

Apply 20 psig to  outlet por t s .  30 cc/ Fuei 
Measure leakage a t  the inlet  
port. 

none 
Osidiz  e r  none hr . 
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PER I;D w U L i  ;L'c e 
S p .  1111r'n D r s f y n ~ t . o ~ n  Letter q 
Tc-t t  d H) .-- -4 - C Y C  __ ub 'I 11: t' - 

J t 

I 

+ Proc. 

. I  
--I P4 

T e s t  Par. No. Conditions & Measurements  Limits Test 

'AG * I  ' I  

El sctrzcal -Measuse and Record  
Resis tance Ambient tempera ture  - OF - r i ! i n s  

t -- 
Resis tance  5. 1. 3 . 1  Secondary coil res is tance.  C D  - I * h R l  6 

A 13 a. C o d  Primary coil res i s tance  ___- -- 
I .  h 

- .  Meaeure opening and 
G l U B l n g  respbnse from ? 

mary C O L I ,  at 360 psig' 
for  eecondary coil. 

6. 2 rnsTc. P r i m a r y  coil - 0. SO 
ampe re s open 50 m s e c  close - 2 ~ c  ~ ~ ~ ) R ~ ' C ;  

Secondary coil - 0. 44 close 5 msec open lJ-,- rnsgct 
a m p e r e s  c l o s e  .-I:-; 1 n " p C C -  

5.0 Z I k . S * < ,  Primary and Secondary open .__-__ 

R e  ,ponse 5 . 1 . 5  a@cillo rqms. Inlet pres- primary 
T m e  9uPe afp310 psig  for  pr i -  open 9 m s e c  

close 5 m s e c  

secondary open -_ - _ _  -- ' 
* as above. close .-2L< 

L 

Flomv Test 5. 1.6 Measure f low and pres-  
s u r e  drop with inlet  of 
310 os ie .  

Fun :tionai 

Pull -in Voltage 
T : s t  

' < 2 0 V O l t S  pri  6,hO 
Sec 10.30 

5, 1. 7. 1 Inlet pressure at 360 psig.  
Measure minimum voltage 
required to open valve 10 
consecutive times a t  0.25 
cps. 
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IX I TIA L PE R ~ O R  MANC E 

-- 

Open fuel inlet  and measure  
ex terna l  leakage 

Apply 360 pig helium prese- 8 

U#+C to f u d  Inlet with both re- 
VOra p d k b  blocked. Ehttgize 
valve to allow'hslium to entet 
8\11 fuel &ambers. Block' oxi- 
rlizer inlpt +Fad meaiura extenla1 
leakage. 1 

Open oxidizer inlet  and mea- 
sure external  leakage 

C1o-?C/  

SEC.  
-. -- 
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t 

]&ode1 Number 52x147 (. 

f;erial Number 112 
.;>ate 8 /8 /67  

Specimen Designation Letter C 
Tested By 
On Time Cycles 

I .  

4 1  4 .  
Proc ,  

Test rPar, No. Conditions & Measurements Limits Test Results 
- -  M R  1144 . .  &-e- , 

.. . -. - 
1 nternal 5.1.9 Mdksure outlet por t  Ir.ikag,e 8 

Leakage with i n l e t  p r e s s u r e s  of 5 0  50 ’ 360 
P.z i g -  P h i K  .~ . and 360 p+iy.  _II 

1 ~.L-&--.---.-nnne 

i ,’.‘. .  f ” I I 

. .  Fuel * .  
. .  

I 0 x i c i i i e . r  a n e .  .. 
.. . 

I 
t 

, . -., . . 
I 

Cycle valve 100 times and 
repeat above tests  I 

Fuel,  , . none none - Oxid I z f  r . i  

E- ut‘ 1 -_ . -*“E%- : : everse  Seat , ~ p p ~ y C  20 ps ig  to  outlet ports 30 c c /  

Leak . *Measure leakage at the inlet hr . Oxidizer ---?5 C C / ~ T  
port .  



POST A X E  C SINUSOtDAL VIBRATION PERFORMANCE 

][ode1 gurnber 52x147 
5 erial Number 112 
] ) a t e  a / 1 r  

Specimen Designation Letter C 
Tested By: 
On Time G ycles 

- - 
I-- 

' P r o c .  
Test  Par, No. Conditions & Measurements Limits Test  Resul ts  

-, MR It44 -. 

1 ite rnal 5 .  1 . 9  Measure  outlet po r t  leakage 
Leakage with inlet pressures of 50 

and 360 psig. 
Fuel 
Oxidiz e r 

Cycle valve 100 times and 
repeat above tests. 

Fue 1 
Oxidizer 

50 360 
Psig Psig 
none none . 
none none 

- 

none none 
none none 

1 :everse Seat 
Leak 

none 30 cc/ Fuel. ~ _._-_ - Apply 20 psig to  outlet ports 
Measure leakage at the inlet 
port. 

h r .  Osidizey-  __ Tone . 
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Specimen Designation Letter c h. ode1 Numb,") /';ax 1 4 ~  
I ,  

Strial, Number % Tested By: 
.o ate On Time Cyclee 

r P P  0 CI 
Conditions 81 Measurement8 Limit6 Teet  Resul ts  T q s t  Par. No. 

I ' MR 1144 CI- 

1:itarnal 5.1.9 Measure outlet port leakage 
Leakage with inlet p r e s s u r e s  of 50 50 360 

and 360 psig. -. Psig Psig 
- -  Fuel none none 

Oxidizer none none. )I 

Ir t i  

Cycle valve 100 t imes  and 
repeat above tes ts .  

Fuel 
Oxidizer 

none none 
nane none . 

R. ,ve r se  Seat 
Leak 

none Apply z o  psig to outlet por t s  30 C C /  Fuel - __---. 
hr. Oxidizer _ _  none - Measure leakage at the inlet 

port. 



' POST SINUSOIDAL VIBRATION PERFORMANCE 

, .  Prcx. 
P s  r .  No. 
M R  1144 

T e s t  Con:iitittn% C Medsuremrnrs Lih-~ir- Teat H C b l r i t c  

- 
El ?c t r ica l  h Measure  and R e c o r d  
Resis tance Ambient temperature  
a. Coil Primary coil res is tance 

Resis tance 5.1.3. 1 Secondary coil res is tance 

- 
Meaeure opening and . .. 
closing r e s p o n s e  from 

inary coal, at 360 ps ig  
f o r  secondary roil. 

R e s  3onse 5 . 1 . 5  onrill0 rams. Inlet p r e s -  p r i m a r y  
' ' h e  s u r e  n e 3 1 0  psig  for p r i -  open 9 msec 

close 5 m s e c  

5. 6 rng+?r'. ' P r i m a r y  coil ~ 0.80 
amperes  open 50 msec close 2. Z m*e('. 

Secondary coil  0 .44 c lose  5 msec open 12.0 msec. 
amperes 

Primary and Secondary 
a s  above. 

secondary open 

Elox 'Test 5 .1 .6  Measure flow and p r e s -  
su re  6rop with inlet of 
310 psig. 
Press Flow-lb/ sec .  
Drop Fuel Oxidizer 

40 

'unc I ional 
T€St  - 2 5 . 4  .32.30 

2211- n Voltage 5. 1. 7 .  1 Inlet p r e s s u r e  at 3 6 0  psig. e o  Volt5 
lvleasure minimum voltage 
required to open valve 30 
consecutive times at 0 . 2 5  
cp s 

82 



+\dive  t o  allr,u h .  lititn t c r  
enter a l i  ox id i7 t* r  rh<t th .c~< re ,  
Block furl inlet .ind t i i t  riiire 
external 1iiak.i E.' 

Open fnel iulet and measure  
external leakage 

Apply 360 psig helium press- 
ure to Eualinlet with both re- 
#rrn pakb blocked, Eoergfee 
valve to allow he tium t o  enter 
all fuel &ambers. Block oxi-  
dizer inlet and measure e x t e  rtsal 
leakage. . 
Open oxitliter inlet and mea- 
e w e  extsrnal leakage. 

<IO'&/ 
see. 

1-. - -- . _- 
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POST SINUSOLDAL VI3 FLATIOq PERFORMANCE 

h ode1 Number  52x147 
S :rial Number 112 
Elate 8 1 1  1/67 

Specimen Designation Letter c 
Tes ted  By: 
On Time Cycles 

Proc. 
Par, No. Conditions & Measurements Limits Test Results  Tes t  
MR 1144 _- a - 

In; ernal 5 .  1. 9 Measure outlet por t  leakage 
1 ,eakage with inlet pressures at 50 

and 360 psig.  
Fuel 
Oxidizer 

Cycle valve 100 t imes and 
repeat above t e s t s ,  

Fuel 
Oxidizer 

50 340 

none none 
none nons 

P s i g  Psig 
_c 

none none 
none none 

R:verse Seat 
Leak 

Apply 20 psig to  outlet por t s  30 Fuel none 

M e a s u r e  leakage at the inlet hr. Osidizer  none 
port  



Model 52X147C Budy S I P <  112 - 
A x i s  C 8!121i.7 
Flapper bucton m o t i o n  res t r ic tors  
flat spr ing  
2 7 . 7  g rn i s  input 

f 
F igu re  17 
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POST AXIS C RANDOM VXBRATION PERFORMANCE 
Specimen Designation Letter c . .  

3 e  rial Number. 112 Tested By: 
Date a f u k  On Time Cycles 
- 

I _.-____ - 
’ Proc. 

rest Par. No, Conditions & Measurements Limits Test  Results  
MR Ii44 -- -- -*  

2 1 ~ $ 6  

Ltt akage 
Internal % 5.1.9 Measure outlet port leakage 

with inlet pressures of 50 
and 360 psig. 

Fuel 
Oxidizer 

‘ 8  

L 

Cycle valve 100 times and 
repeat above t e s t s  

Fuel 
Oxidizer 

50 360 
Psip psig-. ‘ 
none none . 
none none . 

none none 
nand none 1 

R e  Terse S e a t  Apply 20 psig t o  outlet ports 3C c c /  Fnel none 
Leak Measure leakage at the inlet hr .  Oxidizer none 

port .  
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PPST AXIS A RANDOM VIBRATION PERFORMANCE , .  

Specimen Designation Letter *. 

Tested By: - .. - 
Cycles On Time- . 

Proc. 
' Teet Par, No, Conditions & Meaeurementa Limits Test Reaults  

I - ___I. MR 1144 ' -. 

Imerna l  5 .1 .9  Measure outlet por t  leakage 
:I,eakage with inlet pressures of 50 50 360 

and 360 psig. m Psig Psig 
Fuel nane none 
Oxidizer none none 

Cycle valve 100 t imes and 
repeat  above t e s t s .  

Fuel  
Oxidizer 

none none 
none none 

R E  v e r s e  Seat 
Leak 

Apply 20 psig to outlet ports 30 cc/ Fuel none 
Measure leakage a t  the inlet hr. Oxidizer none 
port .  

8 8  



e 3 4 5  

# 

Model  52.X l47C Rod.,. S / K  1 I 2 
Axis B S / l2 /6 '7  

flat spring 
27.7 g r m s  input 

Flapper button n i - t  Y 1 t i 1 :  . I 'c~st?lctors  

€ 
Figure  

89 



. .  r 

- 

Measure and Record  
Ambient temperature  
P r i m a r y  coil res i s tance  
Secondary coil res i s tance  

~lectrical f 
Re istance 
a. Coil  

Resis tance 5 -  1. 3. 1 

P - 

close 5 msec 

P r i m a r y  coi l  - 0. 80 secondary open 6 + 0  n16ec* 
xnperes  open 50 msec close A 3  mseC. 

Secondary coil - 0.44 close 5 msec oper, 2 ' n R e C ~  

n i p  e r e  s c lose  A Q J L r :  
P r i m a r y  and Secondary 
a s  above close 2.6 ""'f?. 

open 5. 1 * n h c  

A 

F l c r u  Test  , 

Fun( tional 

Pull -in Voltage 
Ti st 

3.1.6 Meamise flow and pres-  
sure drop with inlet of 
310 psig. 
Press, F l o w  - 'Lbisec. 

* Drop Fuel Oxidizer - - -_ 
1 5  

2 5  
30 
35 
40 

2 6 ,  3 ' 3 3 .  5 , 
5. 1.7 .1  Inlet pcessure at 360 psig.  ~ 2 0  volts , 

Ad e a sure  m iniriiuni voltage 
required. to open valve 10 
consecutive times a t  0. 2 5  
cps.  

Y O  



V I B R A T I ~ N  POST SINUSOIDAL xt RAKDOM PERFORMANCE 
1) 

Open fnel inlet and measure 
exkernal leakage 

Apply 360 paig helium p r c z s -  
ure to fuellnlet with both re-  
turn poPts blocked. Ene'.gtze 
valve to allo\@ helium to rater  
all fuel chambers. Block oxi- 
dizer inlet and measure eyttrtial 
leakage. L 

d 
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V I B R A T I O ~  IWST SINUSOIDAL & RANDOM PERFORMANCE 

Mod $1 Number 52x147 Specimen Designation Letter  c - 
S e d 1 1  Number 112 Tested By: .- 

On Time Cyc1e.i Datf: 8 / 14 167 

- -..I.__-- 

P r D C .  
.T,!et  Par, No. Conditions & Measurements Limits T e s t  Results  

- - - _-.--- .-_..-. ..-L MR 1144 

n t e r n a l  5 . 1 . 9  M e a s u r e  outlet por t  leakage 
Lea :age with inlet  pressures of 50 and 50 360 

360 psig .  Psig Psin 
Fuel none none 
Oxidizer none none 

C y d e  valve l o 0  t imes  and 
repea t  above tests, 

Fuel  none none 
Osidiz er 

none none.,. 
II -- 

:eve ' s e  Seat 
L ?ak 

Apply 20 psig to outlet po r t s  30 c c /  Fuel none 
Measure leakage et the inlet hr. Oxidizer none 
port. 
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